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INTRODUCTION
Diabetes mellitus is a metabolic disorder that can modify the nutritional status of affected patients, traditionally classified among the groups at risk for low vitamin status [ 1-41. Hyperglycaemia-induced oxidative stress has been related to the aetiology of diabetic complications through different biochemical pathways (glucose auto-oxidation, the polyol pathway, protein glycation) [5] which may be affected by an impaired nutritional status. Recent studies suggest that some degree of supplementation with antioxidants may be beneficial in helping to prevent certain long-term complications of diabetes mellitus [6-91, although there is little evidence to confirm that such therapy has any benefits [lo] .
Although there is a large amount of literature dealing with the role of dietary composition in the control of diabetes mellitus, few studies deal with the effect of the disease on the micronutrient status in these patients, and the reports that do exist are not conclusive [11] [12] [13] [14] [15] . Differences in patient populations and methodological uncertainties may account for the discrepancies in most reports [5, 151.
In this regard, although diet is an important factor influencing the presence and proportions of carotenoids, tocopherols and retinol in serum, other determinants such as sex, seasonality, smoking and drinking habits, drug and supplement use, body mass index, etc., may also affect micronutrient status Given that several of these compounds may act simultaneously, in this report we focus on the levels of the major carotenoids, retinol, a-tocopherol and y-tocopherol in serum, controlling seasonal and analytical variability as factors that may influence the interpretation of the data, for the purpose of assessing the effect of diabetes mellitus on carotenoid and fat-soluble vitamin status in a well-defined group of patients with insulin-dependent diabetes rnellitus (IDDM), and comparing it with the status observed in first-degree relatives.
A portion of this work was presented at the Second International Conference: 'Antioxidant vitamins and beta-carotene in disease prevention' held in Berlin, Germany on 10-12 October, 1994.
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SUBJECTS AND METHODS
The characteristics of the diabetic population, according to sex, are shown in Table 1 patients with IDDM between 13 and 67 years of age (men: mean 32.3 years and median 27 years; women: mean 31.9 years and median 30 years) were included in the study. All subjects were treated with, on average, two daily injections of long-acting insulin (Humulinam, InsulatardTM) alone or in combination with short-acting insulin (ActrapidTM, VelosulinTM) (50% of the subjects). Two-hundred and fourteen non-diabetic, firstdegree relatives of the diabetic patients (97 men and 117 women), aged between 6 and 79 years (men: mean 34.9 years and median 28 years; women: mean 32.8years and median 26years), were used as 'familial' controls. Fifteen percent of the men and 9% of the women were smokers. The mean body mass index was 25 f4.8 for men and 23.8 & 6 for women.
Two-hundred and thirty-six subjects (113 men and 123 women), aged between 5 and 76years (men: median 35 years; women: median 35 years) were enrolled as non-related or 'non-familial' controls. In this group, 38% of the men and 31% of the women were smokers. The mean body mass index was 26.1 f4.2 for men and 22.5 f 3 for women.
Total cholesterol, triacylglycerol and high-density lipoprotein cholesterol fell within normal ranges in all groups. None of the patients was taking vitamin or carotenoid supplements.
The procedures used were in accordance with the ethical standards of the Ethical Committee of Clinical Investigation of Clinica Puerta de Hierro, and informed consent was obtained from all the subjects.
Given the seasonal variation in the carotenoid intake and serum levels in our country [19, 201, subjects from the three groups were screened similarly at different times of the year, two-thirds during winter and spring and the remaining third during summer and autumn. The patient and all members of the family were sampled on the same day, so the seasonal effect could be avoided. No seasonal bias was detected between sexes in any of the groups.
Blood samples were collected after overnight fasting using Vacutainer tubes containing no anticoagulant. All samples for each family were analysed the same day and within 5 months after collection (stored at -20°C).
The HPLC method and sample preparation used in this study have been described previously [15] . The following compounds were analysed: provitamin-A carotenoids (p-carotene, a-carotene, p-cryptoxanthin), non-provitamin-A carotenoids (lutein, zeaxanthin, lycopene), a-tocopherol, y-tocopherol and retinol.
The accuracy and precision of the analytical method employed was checked periodically through our participation in the 'Quality Assurance Programme' conducted by the National Institute of Standards and Technology (Gaithersburg, MD, U.S.A.). We have tested our analytical method for retinol, a-tocopherol and p-carotene over several years and the results were rated, according to the National Institute of Standards and Technology, as 1 or 2 (meaning exceptional or acceptable values).
Statistical analysis
Univariate analysis, for comparison between men and women and among groups, and to study the influence of the duration of the disease and the presence of retinopathy, was carried out using nonparametric methods (Mann-Whitney U-test for unpaired data and Wilcoxon's t-test for paired data). Multivariate analysis, forward stepwise logistic multiple regression analysis and matched conditional logistic regression analysis were also used both in the group as a whole (men plus women) and adjusted for sex.
The statistical study was carried out by the BMDP Programme (BMDP Statistical Software, Los Angeles, CA, U.S.A.). Table 2 shows the mean (95% confidence interval), median and 10th and 90th percentiles of all compounds in patients with IDDM, first-degree relatives and non-related controls, according to sex.
RESULTS

Sex-related differences
Differences between men and women were observed for retinol and a-carotene in all groups, whereas for 8-carotene and p-cryptoxanthin, differences were not statistically significant in the patients with IDDM. No sex-related differences were observed in any of the groups for a-tocopherol, y-tocopherol, the a-tocopherol/cholesterol (a-T/C) ratio or non-provitamin A carotenoids (lutein, zeaxanthin and lycopene).
Related versus non-related controls
Univariate analysis to compare relatives and nonrelated controls (unpaired data) showed differences (P < 0.05) in most of the compounds except for lycopene in both sexes, for retinol and zeaxanthin in men and for y-tocopherol in women (Table 2) . Nevertheless, when multiple regression analysis was used, statistically significant differences were observed only for a-carotene (results not shown).
IDDM versus non-related controls
The men and women with IDDM showed significantly lower levels of retinol than their sex-matched, non-related controls (P -= 0.001). However, while women differed only with regard to y-tocopherol, men with IDDM showed lower a-tocopherol levels and a-T/C ratio and higher levels of 8-cryptoxanthin (P -= 0.05).
IDDM versus relative controls
On comparing the diabetic group and their firstdegree relatives (unpaired data), the men and women with IDDM showed significantly lower levels Table 2 Serum retid, tocoplnrol and urotenoid kvas in patienk with IDDM, first-dqm relalives (Rcontrd) and non-related con* (NRaontrol). CI.
confdence interval. M a n n -W h i U-test: P<O.O5. rignificant difference between sexes within group. tSignifKant difference versus sex-matched non-relative group. #SignifKant difference versus sex-matched relative group. OSiificant difference verws sex-matched non-relative group.
Men
Women of retinol (P < 0.005) and higher levels of provitamin-A carotenoids (a-carotene, @-carotene and /3-cryptoxanthin) (P < 0.05). No differences in nonprovitamin A carotenoids, a-tocopherol, y-tocopherol or the a-T/C ratio were observed among either men or women.
The findings in patients with IDDM and their first-degree relatives were compared within each family by paired data analysis; after adjustment for sex and age, the same differences were found except with respect to a-carotene in men (not significant) and a-tocopherol in women (P<O.O5) (results not shown). In this case, on applying matched conditional logistic regression analysis (Table 3) , only retino1 and @-carotene were shown to be associated with diabetes.
Multiple regression analysis to compare patients with IDDM and their first-degree relatives (men plus women) showed retinol, @-carotene and @-cryptoxanthin to be associated variables (results not shown). When the analysis was performed according to sex (Table 3) , the model showed retinol and @-carotene to be significant variables in both sexes, whereas @-cryptoxanthin showed significance only in men. On applying this analysis to the non-related group (men plus women), only retinol (and sex) appeared to be significant in the model (results not shown). After adjusting for sex (Table 3) , retinol showed statistical significance in both sexes, whereas provitamin-A carotenoids (a-carotene, @-carotene and /I-cryptoxanthin) were significantly different only in men.
Duration of the diabetes mellitus and presence of retinopathy
When the results were assessed in terms of the duration of the disease ( < 10 years, n = 29; > 10 years, n = 25), only a-tocopherol was found to increase significantly (P < 0.037) over the course of time, while lycopene showed a slight decrease (P < 0.09).
Retinopathy was present in older individuals (n = 14, all of whom had had IDDM for more than 10 years), but there were no differences in retinol levels between IDDM patients with and without retinopathy.
DISCUSSION
Previous results from our group [15] showed the status of fat-soluble vitamins and antioxidant related compounds to be altered in the serum of patients with IDDM when compared with a reference population. Thus, we decided to carry out a prevalence study using non-diabetic, first-degree relatives of the population with IDDM in order to control more closely certain factors (shared genetic factors, dietary habits, seasonal intake and analytical variability) that could affect the interpretation of the status of the compounds and the reliability of the data generated. We also compared the study patients with an unrelated non-diabetic population as a second control group for which these variables were not adjusted. . In the present study, because the distribution throughout the year of the screened subjects was the same in all the groups, the differences in carotenoid levels observed among them do not seem to be due to a seasonal bias in sample collection. Taking into account that patients with IDDM and their relatives share genetic traits and, to some extent, dietary patterns, the differences found between the two groups might reflect an underlying abnormality in the carotenoid metabolism of individuals with diabetes, as was proposed in the 1930s and 1940s [21, 221. In this respect, higher levels of 'carotene' [21-251 and, specifically, p-carotene [ 15, 26,271 have been reported in IDDM.
Despite this, the higher levels of a-carotene, p-carotene and P-cryptoxanthin in patients with IDDM when compared with their first-degree relatives could also be due to differences in their consumption of specific fruits and vegetables (i.e. carrots and oranges), even within the same household. However, while this might be true for p-cryptoxanthin, given that the Spanish diet is largely dependent (85%) on a single contributor in winter and spring (oranges), the relationship is less clear in the case of p-carotene, only 25% of which is supplied by carrots, with over 50% being provided by green vegetables and tomato [20] . In this respect, the fact that the levels of lutein and lycopene, which are mainly provided by green vegetables and tomato respectively [28], do not differ significantly among these groups, suggests that the amounts consumed by each group do not vary to the extent that differences in their p-carotene concentrations would be determined by distinct dietary intake. Moreover, when paired data within each family (IDDM patient versus relative) were adjusted for sex and compared, nearly the same carotenoids remained significantly different in both sexes, regardless of whether the relative was age-matched or selected at random from among the family. In the multiple regression analysis, retinol and p-carotene were associated with diabetes, whereas the comparison between groups disclosed contrasts in the P-cryptoxanthin levels observed in men and women which may indicate differing dietary intakes.
Although smoking is associated with lower carotenoid status [16] , this fact is probably not a determinant of the differences found in this study, as the lowest levels of a-carotene, p-carotene and p-cryptoxanthin do not coincide with the groups with the highest percentage of smokers, as would be expected, either among men or women.
Higher levels of carotenoids in IDDM may be a reflection of higher concentrations of lipids, or specifically of low-density lipoprotein (LDL), as the main carriers of carotenoids in serum. In this respect, there are no differences between the lipid levels in patients with IDDM and controls, and the p-carotenelLDL ratio is significantly higher in individuals with IDDM than in their sex-matched relatives (results not shown), indicating that a greater amount of p-carotene is transported per mg of LDL in the IDDM group. Similarly, if the higher carotenoid levels associated with IDDM were a reflection of the higher lipid levels in this group, the concentrations of other analytes which, like p-carotene, are also transported mainly by LDL (e.g. a-tocopherol and lycopene) would be expected to be elevated, a circumstance that was not observed.
When patients with IDDM are compared with non-related controls, differences in p-carotene, a-carotene and p-cryptoxanthin levels disappear, with the exception of p-cryptoxanthin in men. While this finding could be related to day-to-day analytical variability and/or greater variability within the nonrelated group (as reflected by the standard deviation), multiple regression analysis again reveals a strong sex-related effect and indicates that lower retinol and higher /?-carotene and P-cryptoxanthin levels are associated with diabetes in men, but that only retinol is a factor in women.
In the case of a-tocopherol, both elevated [3, 29-31] and normal levels [ll, 15, 26, 32-34] have been reported in patients with IDDM. This situation may reflect the inclusion of hyperlipidaemic subjects and/or a lack of homogeneity in the sample screened [3, 111 and poor control [14] , given that, on standardization with cholesterol, the levels are no different from those of normolipidaemic subjects [30, 321. In the present study, neither a-tocopherol and y-tocopherol in serum nor the @-TIC ratio show sex-dependent differences in any of the groups or when compared in patients with IDDM and their relatives.
With regard to serum retinol levels, those of patients with diabetes are consistently lower than those of sex-matched relatives and non-related controls. It is interesting to note that women show lower levels of retinol and, generally, higher levels of provitamin-A carotenoids than men, regardless of the group they belong to, a finding that has been observed before (with hyperglycaemia-dependent micro-albuminuria), although under these conditions, lower retinol levels have been reported [37] . In addition, according to other authors [37, 411 , patients with IDDM would be expected to show higher retinol levels in the presence of macroalbuminuria or renal failure.
Lower retinol levels in the patients with IDDM may also be a consequence of an acute phase response, febrile episodes or infections, which also decrease albumin and transthyretin concentrations and increase retinol-binding protein excretion [42, 431. In the present study, although acute phase proteins (i.e. reactive C-protein) were not measured, all the patients with diabetes were apparently free of infection and fever, and serum albumin concentrations fell within the normal range.
Finally, while all the above-mentioned mechanisms may play a role in determining serum retinol levels in IDDM, it is also worth noting that we found no significant correlation with glucose metabolic control (HbAlc, fructosamine), and that a low dietary provitamin-A carotenoid intake is probably not the cause, as reflected by the carotenoid levels. However, the possibility of an altered bioavailability of carotenoids (including conversion into retinol) cannot be ruled out, although conflicting results have been reported in this regard [21, 22, 44, 45] .
Along with higher retinol levels, increased a-tocopherol concentrations have been reported in IDDM patients with nephropathy [37] and lower lycopene levels in individuals with chronic renal failure [41] . In our study, a history of diabetes of more than 10years' duration is associated with higher a-tocopherol and slightly lower serum lycopene levels. This finding could be related to the presence of subjects with renal alterations in this group; however, the patients presented lower rather than higher retinol levels. Changes in the lipid profile could explain differences in a-tocopherol but, in this case, both analytes and other carotenoids would have behaved similarly. In our study, the slightly lower levels of lycopene might be explained by a small bias in sample collection given that a higher proportion of subjects were screened in spring (group with diabetes > 10 years), whereas samples were taken from more individuals (diabetes < 10 years) in summer, coinciding with a higher consumption of lycopene-rich foods among the Spanish population [20] .
From a clinical viewpoint, the lower levels of retino1 in the IDDM group place these subjects at higher risk for marginal serum retinol status.
Regardless of the underlying reasons, it seems possible that retinol may be less available to tissues and/or retinol turnover might be altered, affecting the physiological functions of retinol and retinoids. In this respect, due to the implications of vitamin A in cell differentiation, proliferation and immune response, a marginal serum retinol status could play a role in, or reflect, the greater predisposition to infections and skin alterations observed in diabetic subjects. The increased susceptibility to LDL oxidation and greater oxidative stress reported in subjects with IDDM [l, 321 are not in accordance with the serum concentrations of carotenoids and tocopherols observed in this study. Nevertheless, the presence of hyperglycaemia may have an impact on LDL composition (i.e. glycated LDL) [46] and/or the delivery to tissues [47] , affecting the role of these compounds in target tissues and contributing to the accelerated vascular disease observed in patients with diabetes.
In conclusion, patients with IDDM showed normal or even higher fat-soluble antioxidant levels in serum and lower retinol concentrations than sex-(and age-) matched relatives and non-related controls. On the basis of these data, we consider that supplementation with fat-soluble antioxidants is not necessary in these patients, and that retinol concentrations should be monitored, and supplemented if necessary.
